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5LEHLUmR%RQLWRWKHFHQWUDOUHJLRQRIWKHVWDWHRI6mR3DXORLVORFDWHGLQRXWFURSDUHDVRI*$6EXLOGLQJDOLDEOH
DPELHQWWRWKHYXOQHUDELOLW\DQDO\VLV6LQFHWKHVWDWHRI6mR3DXORVKRZVWKHELJJHVWSRSXODWLRQFRQWLQJHQWLQ%UD]LO
ZLWKPLOOLRQLQKDELWDQWVDSSUR[LPDWHO\RIWKH%UD]LOLDQSRSXODWLRQ,%*(WKHSUHVHQWGHPDQGVRI
WKHODQGXVHDQGODQGFRYHUFDQHQKDQFHWKHSROOXWLRQRIWKHDTXLIHU7KHDQDO\VLVDQGPDSSLQJRI*$6YXOQHUDELOLW\
LQWKHPXQLFLSDOLW\RI5LEHLUmR%RQLWRZDVEDVHGLQWKH'5$67,&PHWKRGSURSRVHGE\$OOHUHWDORXWOLQHG
ZLWK EDVLV LQ WKH XVH RI*,6 )ULWFK HW DO  (VWHOOHU4XHQWLQ DQG'tD]'HOJDGR .DOLUDM HW DO 
%DVHGRQ WKHSUHVHQWHGSUHPLVHV WKLV VWXG\ DVVRFLDWHV IRUPVRI ODQGXVH DQG ODQG FRYHU /8/& WR WKH LQWULQVLF
YXOQHUDELOLW\PDSVRI*$6LQWKHUHJLRQRI5LEHLUmR%RQLWRXVLQJWKHLPDJHVDQGSURGXFWVRIWKHUHPRWHVHQVLQJLQ
WKH LQWHJUDWHG DQDO\VLV ,Q WKLV VHQVH LW HPSKDVL]HV WKH SODQQLQJ RI ODQG XVH LQ RUGHU WR SUHYHQW WKH SRWHQWLDO
DQWKURSRJHQLFSROOXWLRQRIXQGHUJURXQGZDWHUUHVRXUFHV
'DWDVRXUFHDQGPHWKRGRORJ\
7KHGHILQLWLRQRIDPHWKRGWREHDSSOLHGDFFRUGLQJWRWKHFKDUDFWHULVWLFVRIWKHVWXG\DUHDLVEDVHGRQSUHYLRXV
70/DQGVDWLPDJHVDQGFHQVXVGDWDWKDWLQGLFDWHWKHDJULFXOWXUDODSWLWXGHLQWKHPXQLFLSDOLW\RI5LEHLUmR%RQLWR
)LJXUH

)LJ0HWKRGRORJLFDOSURFHGXUHVIRUWKHFDOFXODWLRQRI'5$67,&LQGH[DQG/8/&
2.1 Land use and land cover (LULC) 
7KHPDSSLQJRI/8/&WKURXJKWKHGLJLWDOLPDJHSURFHVVLQJ',3LQD/DQGVDW70VFHQHRIWKHVWXG\DUHDZDVVWDUWHG
WKHUHPRWHVHQVLQJWHFKQLTXHVDSSOLFDWLRQE\PHDQVWKHXVHRIHQKDQFHPHQWFRQWUDVWILOWHUVHJPHQWDWLRQDQGFODVVLILFDWLRQ
WDUJHWV RI RULHQWHGREMHFW ,W¶V ILQDOL]HG WKH LPDJH ',3 ZLWK D GHILQLWLRQ RI WKH W\SRORJLHV DQG DSSOLFDWLRQV RI GLVFUHWH
PXOWLYDULDWHDQDO\VLVNQRZQDV.DSSDVWDWLVWLFDQGWKHFODVVHVGHILQLWLRQRI/8/&ZDVEDVHGRQWKH%UD]LOLDQ,QVWLWXWH
RI*HRJUDSK\DQG6WDWLVWLF±,%*(DVUHVXOWVJDLQHGWKHWKHPDWLFPDSRIODQGXVHDQGODQGFRYHUWRWDOL]LQJNPð
RIPDSSHGDUHD)LJXUH7KHPDLQ/8/&IRXQGLQWKHPXQLFLSDOLW\RI5LEHLUmR%RQLWRUHIHUVWR$JULFXOWXUDO$UHDVRI
7HPSRUDU\&URSVDOPRVWFRUUHVSRQGLQJWRKDOIRIWKHVWXG\DUHDWRWDOO\NPðDQG6WDQGVRXWWKHFXOWLYDWLRQRI
VXJDU FDQH SUHVHQW LQ  NPð RI WKH PXQLFLSDOO\ DUHD UHSUHVHQWLQJ  RI ODQG XVH DQG ODQG FRYHU DQG FLWULF
FXOWLYDWLRQDOVRYHU\FRPPRQLQWKHUHJLRQSUHVHQWLQNPðRIWKHVWXG\DUHDHTXLYDOHQWWRRI5LEHLUmR%RQLWR
XVHDQGFRYHU

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
)LJ/8/&PDSRQWKHPXQLFLSDOLW\RI5LEHLUmR%RQLWR±63
2.1 DRASTIC Index 
7KH'5$67,&LVRQHRI WKHPRVWUHOLDEOHPRGHOVRIDTXLIHUYXOQHUDELOLW\DVVHVVPHQWGHYHORSHGE\WKH8QLWHG
6WDWHV (QYLURQPHQWDO 3URWHFWLRQ $JHQF\ 86(3$  IRU GHPDUFDWLQJ WKH YXOQHUDEOH DUHDV E\ RYHUOD\LQJ
GLIIHUHQWW\SHVRIVHPLTXDQWLWDWLYHJHRVSDWLDOOD\HUV)RUHDFK'5$67,&SDUDPHWHU$OOHUHWDOHVWDEOLVKHG
DUHODWLYHZHLJKWWKDWUDQJHEHWZHHQDQGEHLQJLQIHUUHGDUDWHEHWZHHQDQGIRUDQ\LQVHUWHGYDULDEOHRQWKH
SDUDPHWHU %DVHG RQ WKHPXOWLSOLFDWLRQ EHWZHHQ SDUDPHWHUZHLJKW FRQVWDQWV DQG LQGLYLGXDO FKDUJHV YDULDEOH RI
HDFKSDUDPHWHULW¶VREWDLQHGWKH'5$67,&,QGH[(T

'5$67,&,QGH[ ='U'Z5U5Z$U$Z6U6Z7U7Z,U,Z&U&Z    

ZKHUH WKH YDULDEOHV DUH DVVLJQHG WR SDUDPHWHUV VXFK DV ³r” UHIHUULQJ WR WKH UDWH RI WKH IHDWXUH FODVVHV LQ HDFK
SDUDPHWHUDQG³w” DVWKHZHLJKWDVVLJQHGWR WKHSDUDPHWHUV7KH*$6YXOQHUDELOLW\DUHDVKDVEHHQGHOLQHDWHGE\
LQWHJUDWLQJVHYHQVSDWLDOSDUDPHWHUVZKLFKZHUHREWDLQHGIURPYDULRXVGDWDVRXUFHV7DEOH

7DEOH'DWDSURGXFWVXVHGIRUWKHSUHSDUDWLRQRI'5$67,&PesticideLQGH[SDUDPHWHUV
3DUDPHWHUV 6RXUFHV 'DWD)RUPDW 6FDOH <HDU
'HSKWR:DWHU 4XHOX]DQG6WXUDUR 0DS  
5HFKDUJH 5DEHORHWDO 0DS  
$TXLIHU0HGLD ,37 0DS  
6RLO0HGLD ,37 0DS  
7RSRJUDSK\ 6570 6DWHOOLWHLPDJH  
,PSDFWRIWKH9DGRVH=RQH ,37 0DS  
&RQGXFWLYLW\+\GUDXOLF 4XHOX]H6WXUDUR 0DS  

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%DVHGRQ WKHDOJHEUDLFRSHUDWLRQVRIPDSVEHJDQ WKH*,6GDWD LQWHJUDWLRQDQG WKHDSSOLFDWLRQRI0XOWLFULWHULD
$QDO\VLV WHFKQLTXH ZLWK YLHZV WR GDWD VWDQGDUGL]DWLRQ LQ WKHPDWLF FODVVHV 7KLV VWHS UHIHUV WR WKH LQIHUHQFH RI
ZHLJKWV DQG UDWHV WR EH SRQGHUHG WKH FRUUHVSRQGHQW LQGH[ WR HDFK SDUDPHWHU RI WKH '5$67,& Pesticide
PHWKRGRORJ\ZDVDGDSWHGWRWKHVWXG\DUHDUHDOLW\DQGWKHYDOXHVDUHGHVFULEHGRQWKH7DEOH

  7DEOH'5$67,&PesticideSDUDPHWHUVRIWKHVWXG\DUHD
3DUDPHWHUV 9DULDEOHV 5DWHV
'HSKWR:DWHUP
± 
± 
! 
5HFKDUJHPP\HDU
%RWXFDWX)RUPDWLRQ! 
3LUDPEyLD)RUPDWLRQ! 
$OOXYLDO6HGLPHQWV! 
6HUUD*HUDO)RUPDWLRQ± 
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 
6RLO0HGLD
'\VWURSKLF4XDUW]6DQGV 
'\VWURSKLF3XUSOH/DWRVRO 
5HG<HOORZ$OLF/DWRVRO 
'DUN5HG$OLF/DWRVRO 
5HG<HOORZ$OLF3RG]ROLF 
(XWURSKLFVDQG'\VWURSKLFV/LWKROLFV6RLOV 
7RSRJUDSK\RU5HOLHI,QFOLQDWLRQ
± 
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
± 
± 
! 
,PSDFWRIWKH9DGRVH=RQH
$OOXYLDO6HGLPHQWV 
%RWXFDWX)RUPDWLRQ 
3LUDPEyLD)RUPDWLRQ 
6HUUD*HUDO)RUPDWLRQ 
$GDPDQWLQD)RUPDWLRQ 
&RQGXFWLYLW\+\GUDXOLFPGD\ ± ± 
7KURXJKWKHPXOWLSOLFDWLRQRIWKH'5$67,& PesticideZHLJKWVSDUDPHWHUVFRQVWDQWDQGWKHLQGLYLGXDOVUDWHVRI
YDULDEOHVZDVHODERUDWHGWKHHTXDWLRQRIWKHVWXG\DUHDLQDFFRUGDQFHWRWKH(TXDWLRQ

'5$67,&Pesticide,QGH[ î
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
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
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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
5HVXOWVDQGGLVFXVVLRQV
$FFRUGLQJ WR '5$67,& Pesticide ,QGH[ WKH YXOQHUDELOLW\ OLPLW YDOXHV  DQG  UHSUHVHQWV ORZ DQG KLJK
YXOQHUDELOLW\ LQGH[ UHVSHFWLYHO\ 7DEOH7KHVWXG\DUHD VKRZHGYXOQHUDELOLW\ LQGH[FRPSUHKHQGHGEHWZHHQ
DQGVXEGLYLGHGRQWKHIROORZLQJFODVVHVORZPRGHUDWH±DQGKLJKYXOQHUDELOLW\±
7KH PDSSLQJ RI '5$67,& Pesticide LQGH[ LQGLFDWH WR WKH SUHGRPLQDQFH RI KLJK YXOQHUDELOLW\ LQGH[ DUHDV
FRUUHVSRQGLQJWRNPðRURIWKHWRWDOPXQLFLSDOLW\DUHVLWXDWHGPRVWO\LQRXWFURSDUHDVRI*$6ZKLFK
H[KLELWPRGHUDWHK\GUDXOLFFRQGXFWLYLW\±PGODUJHUUDWHVRIUHFKDUJHPP\HDUVXUIDFHVZLWKORZ
SHUFHQWDJH RI VORSHV  ±  WKH VRLOV DUH FKDUDFWHUL]HG DV TXDUW] VDQGV DQG /DWRVROV ZKHUH WKH vadose zone 
thickness UDQJHG EHWZHHQ  DQG P 7KH FRUUHVSRQGLQJ DUHD WR PRGHUDWH YXOQHUDELOLW\  ±  DUH SDUWLDOO\
VLWXDWHGLQRXWFURSDUHDVRI*$6NPðDQGLQIODWODQGVZLWKORZVORSHVSHUFHQWDJH±LWQRWHG
WKHSUHVHQFHRIUHG\HOORZ$OLF/DWRVROSUHVHQWVDPRGHUDWHK\GUDXOLFFRQGXFWLYLW\±PGDQGWKHODUJHU
UDWHVRIUHFKDUJHPP\HDU
557 Rafael Gonçalves Santos et al. /  Procedia Earth and Planetary Science  15 ( 2015 )  553 – 559 


)LJ9XOQHUDELOLW\'5$67,& PesticideLQGH[RQWKHODQGXVHDQGODQGFRYHU
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7KH ORZ YXOQHUDELOLW\  NPð DQG  LW FRQFHQWUDWHG LQ FRQWDLQPHQW UHJLRQV RI*$6 E\ WKH VXFFHVVLYH
EDVDOWLFIORZVRIWKH&UHWDFHRXVVKRZLQJORZK\GUDXOLFFRQGXFWLYLW\±PG7KHvadose zone thickness 
LVVLWXDWHGEHWZHHQDQGPZLWKVWHHSVXUIDFHVDQGPRUHWKDQDQGORZDQQXDOUDWHVRIUHFKDUJH±
PP\HDU)LJXUH

7DEOH'5$67,&PesticideSRQGHUDWLRQSHUFHQWDJHRQ$UF*,6 
3DUDPHWHUV :HLJKW 5HDO :HLJKWHG2YHUOD\ 1RIFODVVHV RIWKHYDULDEOHV 9DULDEOHV0HGLD 5HVXOWV
'       
5       
$       
6       
7       
,       
&       
7RWDO 

7KH FRQMRLQW DQDO\VLV RI *$6 YXOQHUDELOLW\ ZLWK WKH /8/& LQGLFDWHG WKDW WKH DJULFXOWXUDO DUHDV RI WHPSRUDU\
RXWFURSZKHQFRPELQHGFRUUHVSRQGWRRI WKHPXQLFLSDOLW\DUHDZLWKWKHKLJKHVWYXOQHUDELOLW\ LQGLFHVDV
FDQ EH REVHUYHG ZLWK WKH VXJDU FDQH FXOWXUHV  DQG FLWULF  EHLQJ WKHVH WKH PDLQO\ GLIIXVH
FRQWDPLQDWLRQVRXUFHVGXHWRWKHLQDGHTXDWHSUDFWLFHVRIWKHVRLOKDQGOLQJDQGKLJKUDWHVRIQLWUDWHVE\WKHXVHRI
WKHVHFXOWXUHV)RVWHUDQG+LUDWD
7KH FRQMRLQW DQDO\VLV RI *$6 YXOQHUDELOLW\ ZLWK WKH /8/& LQGLFDWHG WKDW WKH DJULFXOWXUDO DUHDV RI WHPSRUDU\
RXWFURSZKHQFRPELQHGFRUUHVSRQGWRRI WKHPXQLFLSDOLW\DUHDZLWKWKHKLJKHVWYXOQHUDELOLW\ LQGLFHVDV
FDQ EH REVHUYHG ZLWK WKH VXJDU FDQH FXOWXUHV  DQG FLWULF  EHLQJ WKHVH WKH PDLQO\ GLIIXVH
FRQWDPLQDWLRQVRXUFHVGXHWRWKHLQDGHTXDWHSUDFWLFHVRIWKHVRLOKDQGOLQJDQGKLJKUDWHVRIQLWUDWHVE\WKHXVHRI
WKHVHFXOWXUHV)RVWHUDQG+LUDWD
7KH $JULFXOWXUDO $UHDV RI 1RW ,GHQWLILHG 8VH FRPSULVH DEVHQW DUHDV RI YHJHWDO FRYHU LQ SUHSDULQJ IRU QHZ
SODQWDWLRQ RU H[SRVLWLRQ RI WKH VRLO DUH IRXQG DPSO\ VLWXDWHG RQ ILHOGV ZLWK KLJK YXOQHUDELOLW\ ,QGH[ 
UHVXOWLQJRQWKHULVLQJRISRWHQWLDOSROOXWLRQVE\SURPRWLQJWKHLQFLGHQFHRIHURVLYHSURFHVVDQGGLUHFWO\H[SRVLWLRQ
RI WKH DTXLIHU WR WKH FRQWDPLQDWRUV 7KH UHPDLQLQJ RI QDWXUDO YHJHWDWLRQ DQG ULSDULDQ IRUHVW DQG WKH ORZ JURXQG
YHJHWDWLRQ DUH GHQVLW\ ORFDWHG LQ KLJK YXOQHUDELOLW\ DUHDV  DQG  ERWK ZLWK SRWHQWLDO SROOXWLRQ
UHGXFWLRQDQGGHFUHDVLQJRI WKHDTXLIHUYXOQHUDELOLW\FRQWULEXWLQJRQ WKH LQILOWUDWLRQDQGUHJXODUL]DWLRQSURFHVVRI
WKHQHHGHGK\GURORJLFF\FOHWRWKHPDLQWHQDQFHRIJURXQGZDWHUEH\RQGWKHSROOXWLRQUHWHQWLRQDQGWKHUHFKDUJHRI
DTXLIHUVDQGVSULQJV7KHUHIRUHVWHGDUHDVDUHIRXQGGHQVHO\ORFDWHGLQKLJKDQGPRGHUDWHDUHDV
RIYXOQHUDELOLW\,WREVHUYHGWKDWLQFRQWUDU\WRWKHYHJHWDWLRQFODVVHVWKHLQILOWUDWLRQLQUHIRUHVWHGDUHDVDUHIRXQG
FRPPRQO\ SROOXWHG E\ SHVWLFLGHV ZLWK KXJH QLWUDWH FRQFHQWUDWLRQ DJJUDYDWLQJ WKH ORFDO YXOQHUDELOLW\ 7KH VPDOO
ZDWHUUHVHUYRLUVDQGXUEDQDUHDVUHIHUHQWWR5LEHLUmR%RQLWRPXQLFLSDOLW\DQGWKH*XDUDSLUDQJDGLVWULFWDUHZLGHO\
VLWXDWHG LQ KLJK  DUHDV RI YXOQHUDELOLW\ ZKHUH WKH FDWFKPHQW DQG LQDGHTXDWH SURYLVLRQ RI VROLG DQG OLTXLG
UHVLGXHV LW FDQ FDUU\ SROOXWDQWV UDWHV DV WKH SDWKRJHQLF PLFURRUJDQLVPV QLWUDWH DQG DPPRQLD FKORULGH VXOIDWH
ERURQDUVHQLFKHDY\PHWDOVRUJDQLFGLVVROYHGFDUERQDURPDWLFK\GURFDUERQVDQGKDORJHQVFHUWDLQSHVWLFLGHVXQWLO
WKHVDWXUDWHG]RQH)RVWHUHWDO
&RQFOXVLRQV
7KH*$6YXOQHUDELOLW\ DQDO\VLV LQ RXWFURS DUHDV RI5LEHLUmR%RQLWRPXQLFLSDOLW\ E\ WKH'5$67,& Pesticide ,QGH[ LQ
FRQFRPLWDQWDQDO\VLVWRWKH/8/&RXWOLQHGZLWKEDVHRQWKHXVHRIJHRWHFKQRORJLHVDQGUHPRWHVHQVLQJSURGXFWVKLJKOLJKWLQJ
WKHQHHGRIMRLQWDQDO\VLVLQYROYLQJWKHDTXLIHUVYXOQHUDELOLW\SURFHVVWKDWRFFXUVLQVXUIDFHVXQVDWXUDWHGDQGVDWXUDWHG]RQHV
7KH*$6RQPXQLFLSDOLW\SUHVHQWHGYDOXHVRIORZPRGHUDWHDQGWKHSUHGRPLQDQFHRIKLJKYXOQHUDEOHDUHDFRQFHQWUDWHGLQ
RXWFURSDUHDVRI WKH*$6QRWVKRZLQJH[WUHPHYXOQHUDELOLW\7KHSUHVHQFHRI OLWKRORJ\FRUUHVSRQGLQJ WRILQHDQGPHGLXP
VDQGVWRQHVILQHXQVDWXUDWHG]RQHWKLFNQHVVVDQG\VRLOVORZVORSHDUHDVKLJKK\GUDXOLFFRQGXFWLYLW\DQGODUJHUHFKDUJHUDWHVRI
WKHPXQLFLSDOLW\FKDUDFWHUL]HGWKHKLJKYXOQHUDEOHDUHDVZKLFKPXVWEHFRQWLQXRXVO\PRQLWRUHGVHDUFKLQJLPSURYHPHQWVRQWKH
DFWXDO/8/&SODQQLQJGXHWRWKHSRWHQWLDOSROOXWLRQWKDWEULQJVWRWKHJURXQGZDWHUTXDOLW\
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6HYHQW\SRORJLHVRI/8/&ZHUHLGHQWLILHGZLWKSUHGRPLQDQFHRI$JULFXOWXUDO$UHDVRI7HPSRUDU\&URSVFRQILUPLQJWKH
DJULFXOWXUDODSWLWXGHRIWKHPXQLFLSDOLW\DQGKHOSLQJWRGHILQHWKH'5$67,&PesticideLQGH[7KHUHVXOWVLQGLFDWHGWKHQHHGRI
EHWWHUPDQDJHPHQWRI$JULFXOWXUDO$UHDVRI7HPSRUDU\&URSV$UHDVRI1RW,GHQWLILHG8VHDQG5HIRUHVWDWLRQGXHWRWKHKXJH
SROOXWLRQSRWHQWLDOE\DPPRQLDSHVWLFLGHVDQGPRVWO\QLWUDWHVUHVSRQVLEOHIRUJUHDWSDUWRIKXPDQFDVHVFRQWDPLQDWLRQPD\EH
UHOHDVHGWRVXUIDFHZDWHUVRUE\LQILOWUDWLRQDQGDFKLHYHWKH*$6LQERWKFDVHVDUHGHULYHGIURPWKHLQWHQVLYHDSSOLFDWLRQRI
IHUWLOL]HUVDQGQLWURJHQDJULFXOWXUDOVXSSOLHV*,6DQDO\VLVDQGGDWDLQWHJUDWLRQSUHVHQWHGVHYHUDODGYDQWDJHVWKDWLQFOXGHVIURP
WKHLQWHJUDWLRQEHQHILWVRIGLJLWDOSURFHVVLQJWHFKQLTXHVLQWKHHODERUDWLRQRIDFDUWRJUDSKLFV\QWKHVLVDOORZLQJWRVXSSRUWWKH
RSWLPL]DWLRQDQGLPSOHPHQWDWLRQRIIXWXUHV/8/&E\PHDQVWKHNQRZOHGJHRISURYLGHVDUHDVWRWKHLPSOHPHQWDWLRQRIVRFLDO
HFRQRPLFV DFWLYLWLHVZLWK YLHZ WR*$6 SURWHFWLRQ DQG FRQWULEXWLQJ WR HQYLURQPHQWDO SUHVHUYDWLRQ DQGPDLQWHQDQFH RI WKH
SRSXODWLRQTXDOLW\OLIH
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